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Abstract 
The mineralogy of the clay fractions of 2 soil profiles classified as an Alfic Dystric Eutrochrept 
(Soil I) and a Xerochreptic Haploxeralf (Soil 11) has been determined. 
A notable feature of these soils is the presence of talc and the high iron content as goethite, 
hematite, lepidocrocite, and maghemite. Talc was the most abundant non-iron mineral of the 
clay fraction of Soil 11. In Soil I, talc occurs as a residual phase from the parent material with 
its persistence in the profile aided by coatings of iron oxides, which inhibit further weathering. 
In these soils there is a high proportion of goethite accompanied by hematite. In Soil I the 
proportion of iron oxides changes within the profile. Another notable feature of this profile is 
the presence of maghemite in the upper horizons where this is the predominant iron oxide 
mineral. 
Additional keywords: clay mineralogy, iron oxides. 
Introduction 
Reports of the occurrence of talc in soils are relatively uncommon. Talc has 
been identified in several soils from Columbia (Le6n 1964), in reduced tideland 
sediments along the shore of San Pablo Bay, California (Lynn and Whittig 1966), 
and in a Virginia Piedmont Ultisol (Harris et al. 1984). The scarcity of talc in 
soils has been attributed to its instability to weathering, although Harris et al. 
(1984) have identified talc in a highly leached soil. 
Talc is generally regarded as a secondary mineral formed by the alteration of 
pre-existing silicates. It  is found in a wide variety of geological environments, 
mainly in Mg-rich metamorphic and hydrothermal environments (Whitney and 
Eberl 1982). The Mg-rich solution may be derived from the hydrothermal 
alteration of marble (Blount et al. 1983), from low-temperature alteration of 
pyroxene and hornblende (Colin et al. 1981; Nahon and Colin 1982; Paquet 
et al. 1982; Proust 1982), and from contact metamorphism of ultramafic rocks 
(Sandford 1981). Talc may also form in association with other silicates (Chopin 
1981; Wiewiora et al. 1982; Veblen 1983). 
Talc may weather to nontronite (Besnus et al. 1976) or iron oxides (Colin 
et al. 1981; Nahon and Colin 1982; Paquet et al. 1982). Talc can be occluded 
by the iron oxides formed, preserving it from further weathering (Paquet et al. 
1982; Harris et al. 1984). Consequently, it is possible to find talc associated 
with nontronite and iron oxides. Owing to the effects of X-ray fluorescence, 
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overlapping, and absorption in soils with very high iron content, the study of soil 
mineral silicates by the normal experimental techniques such as X-ray diffraction, 
thermal analysis, infrared spectroscopy, and chemical analysis is difficult. These 
difficulties are largely responsible for the scarcity of papers relating to silicate 
minerals in the clay fraction of soils. 
The relatively high concentrations of talc found in the soils of the present study 
would help to overcome many of the problems associated with its identification in 
soils. The characterisation of its presence in soils would 'lelp in the understanding 
of the pedogenesis of such soil types. The present study is, therefore, concerned 
with the occurrence of talc in association with Fe-oxides in soils from south-west; 
Spain. 
Materials and methods 
Soils 
Two soil profiles from Sierra Morena (Sevilla and Huelva) in south-west Spain 
were studied (Table 1). They have been classified as Alfic Dystric Eutrochrept 
(Soil I) and Xerochreptic Haploxeralf (Soil 11). These profiles are derived from 
metamorphosed dolomitic parent material and are freely drained. 
Table 1. Characteristics of the soil profiles 
Standards and terminology are from the American Soil Survey Manual (Soil Survey 
Staff 1962) 
Horizon Depth Colour Texture Structure Classification 
( 4  
Soil I 
A l l  0-30 2 .5  YR 214 (wet) Silty Crumb 
A12 30-60 2.5 YR 214 (wet) Silty Crumb Alfic Dystric 
AB 60-90 2 . 5  YR 214 (dry) Silty Crumb Eutrochrept 
Bt 90-120 5 YR 313 (dry) Silty Subangular blocky 
B 120-150 5 YR 313 (dry) Silty Subangular blocky 
Soil II 
A 1 0-10 5 YR 313 (wet) Silty Crumb 
Bt 10-40 2.5 YR 314 (wet) Silty clay Subangular blocky Xerochreptic 
BC1 40-70 5 YR 313 (wet) Silty clay Subangular blocky Haploxeralf 
BC2 70-100 5 YR 313 (wet) Silty Subangular blocky 
Methods 
Soil samples were dried and sieved (<2 mm) before analysis. Particle size 
analysis was carried out by the chain hydrometer method (De Leenheer et al. 
1965); pH was measured in a 1 : 2.5  soil: water suspension; organic matter was 
determined by dichromate oxidation; and extractable bases and cation exchange 
capacity by the 1 M, pH 7, ammonium acetate method. 
The clay fraction was separated by suspension. The iron minerals were charac- 
terised by X-ray diffraction (XRD) using CrKa radiation. The non-iron minerals 
in the samples were characterised by XRD after extraction with oxalate-oxalic solu- 
tions activated by ultraviolet radiation (Endredy 1963), using CuKa radiation and 
employing orientated samples sedimented on glass slides and treated with Mg2+, 
Talc in soils with high iron content 
~ g ~ + - e t h ~ l e n e  glycol, Mg2+-dimethyl-sulfoxide (DMSO), and Mg2+-saturated 
solutions followed by heating at 550°C, and Kt -saturated solutions followed by 
heating at  100" and 300°C. Aluminium substitution in goethite was calculated from 
the c parameter obtained from the position of the (111) and (100) peaks (Schulze 
1984). The semiquantitative estimation of goethite and hematite was determined as 
described by Torrent et al. (1980). Maghemite and lepidocrocite were determined 
using the intensity of the reflections at  2.95 and 6.27 A, respectively. A semiquanti- 
tative estimate of non-iron minerals was determined using the reflection power given 
by Schulze (1964), Martin-Pozas (1968), and Galan-Huertos and Rodas (1973). 
The chemical composition was determined after dissolving the clay samples 
with HF, HN03, and HC1 in a digestion bomb. Analysis of Si, Fe, Ti, Mg, 
and Ca was made by atomic absorption spectroscopy and of Na and K by 
flame emission. The X-ray amorphous and organically bound iron oxides were 
determined using acid-ammonium oxalate, Feo (McKeague et al. 1971). Iron 
oxides were selectively dissolved using dithionite-citrate-bicarbonate, Fed (Mehra 
and Jackson 1960), and by a photolytic method, Fe,, (Endredy 1963). The 
Fe(I1) was determined using 1-10 phenanthroline (Stucki 1981). 
Differential thermal (DTA) and thermogravimetric analyses (TGA) were made 
in a Rigaku set, using 40-mg samples and a heating rate of 12"C/min. 
Scanning electron microscopy (SEM) was performed with an Jeol JSM5400 
apparatus equipped with an X-ray dispersive energy analyser. 
Infrared analysis was made with an Nicolet 510 FTIR apparatus. 
Results and discussion 
Table 2 shows analytical data for the soils studied in this paper. The 
clay-plus-silt fractions range between 66.5 and 90.2%. In Soil I the proportion 
of clay shows an important variation between the 2 upper horizons ( A l l  7.9, 
A12 7.1) and the others (AB 22.4, Bt 24.4, and B 20.4). In Soil I the highest 
value of clay is shown for the Bt horizon. The 2 soils have pH values of 7 to 
6.5. Organic matter is present mainly in the 2 A1 horizons with 3.29% (Soil I) 
and 4.15% (Soil 11). In Soil I the most abundant exchangeable cation is calcium 
followed by magnesium. Low levels of exchangeable potassium are also present. 
Calcium was the only exchangeable cation present in Soil 11. Exchangeable sodium 
was measured but was not detected. 
Table 3 shows the chemical composition of clay fractions of all horizons of 
the 2 soils studied. The most remarkable feature is the extremely high values of 
Fe203 (23.60-60.22%). MnO ranges between 2.17 and 6.28%. These values are 
high compared to those normally found in clay soils. In Soil I, Si02, TiO2, and 
K2O decreased through the profile; A1203 decreased until the Bt horizon; and 
Fe203, CaO, and Na2O were relatively constant throughout the AB, Bt, and B 
horizons. In Soil I1 the distribution of different elements is not regular. 
The data suggest a high concentration of iron oxides, but silicate minerals 
are also present. The MgO contents suggest the possibility of octahedrally 
coordinated magnesium in silicate minerals. 
Figure 1 shows the X-ray diffraction patterns for the clay fraction of the B 
horizon of Soil I before and after treatment with acid ammonium oxalate in the 
dark (McKeague et al.  1971). The differences between both patterns indicated 
that the iron extracted was poorly crystalline. 
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Table 3. Chemical analysis of the clays from the horizons of the two soils 
LOI, loss on ignition 
Soil I Soil I1 
A l l  A12 AB Bt B A 1 Bt BC1 BC2 
Fez03 
Ti02 
MnO 
CaO 
MgO 
Nan 0 
K2 0 
LO1 
Total 99.99 99.16 100.52 99.84 99.98 99.69 100.38 99.84 99.67 
Fig. 1. X-ray diffraction diagrams of the clay fraction of Soil I. Horizon B (a) after 
and ( b )  before treatment with ammonium oxalate in the dark. G, goethite; H, 
hematite; L, lepidocrocite. 
The non-crystalline iron contents (Fee) of the clay fraction for the different soil 
horizons are included in Table 4. The percentages are in the range 0.85-1.85. 
In Soil I1 the proportion increased down the profile, whereas for Soil I, values 
of Feo were very similar through the profile, except for the A12 horizon which 
showed the highest value of the profile. This change agrees with the variation 
in the total iron oxide composition, as will be seen later in this paper. 
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Table 4. Percentages of extractable Fe, Fe(I1) 
Horizon Feo Fed Feox - Fed Fe(I1) 
Soil I 
A l l  1.45 24.50 7.00 3.21 
A12 1.75 28.00 6.25 3.33 
AB 1.40 29.00 9.25 3.63 
Bt 1.12 29.00 9.25 3.93 
B 1.40 30.00 8.75 3.84 
Soil I1 
Fig. 2. X-ray diffraction diagrams of the clay fraction of Soil I. Horizon A l l  (a) 
before (using CrKa radiation) and ( b )  after (using CuKa radiation) treatment with 
dithionite-citrate-bicarbonate. G, goethite; H, hematite; L, lepidocrocite; M, maghemite. 
The dithionite-citrate-bicarbonate extractable Fe was used as a measure of 
the free crystalline iron oxides. In samples containing maghemite the treatment 
was repeated several times and this mineral was dissolved, as was shown by 
X-ray patterns (Fig. 2). The difference between the total Fe and Fe extracted by 
dithionite-citrate-bicarbonate corresponds to iron within the structure of silicate 
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minerals, where it occupies octahedral positions. Some of the silicate minerals 
in which some octahedral positions are filled by iron may be dissolved using 
oxalic-oxalate solutions activated with ultraviolet radiation (Endredy 1963). The 
difference between Fe, and Fed (Table 4) may give an estimate of octahedrally 
coordinated iron within silicate structures. These minerals are in high proportion 
in Soil I. 
The mineralogical composition of iron oxides present in the clay fraction for 
the different horizons of Soil I and I1 is shown in Table 5. The percentage of 
each mineral has been calculated considering the total iron oxides as 100%. 
Table 5. Mole % A1 in goethite and semiquantitative estimation (%) of the iron oxides present 
in the clay fractions 
The percentage of each mineral has been calculated considering the total iron oxides as 100% 
Values have been rounded to 0 and 5 
Horizon Hematite Goethite Lepidocrocite Maghemite Mole % A1 
in goethite 
A l l  
A12 
AB 
Bt 
B 
Soil I 
5 
5 
5 
5 
5 
Soil I1 
45 
20 
Trace 
In the B horizon of Soil I, goethite is the most abundant Fe oxide (75%), 
with its proportion decreasing up the profile to the AB horizon, which has the 
lowest amount of goethite in this soil. The proportion of goethite then increased 
to the top of the profile, though the increase was not in the same proportion as 
the decrease from the bottom to the AB horizon. The distribution of hematite 
was opposite to that of goethite, increasing from the bottom to the AB horizon 
and then decreasing to the surface. These data appear to show a close inverse 
relationship between goethite and hematite. 
A ferrimagnetic Fe oxide phase was identified by XRD (Fig. 2 a ) ,  although the 
positive identification of magnetite or maghemite could not be obtained from the 
X-ray diffraction data. Confirmation of maghemite can be made from the Fe(I1) 
contents (Taylor and Schwertmann 1974). The Fe(I1) contents of the samples for 
Soil I are given in Table 4. 
The Fe(I1) values are low and include all the Fe(I1) being attributed to 
maghemite. Considering the semiquantitative estimate (Table 5) of hematite, 
goethite, lepidocrocite, and maghemite obtained from XRD patterns, the value 
obtained for the relation 
~e~~ /total Fe in maghemite 
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was 0.29, which would identify it as maghemite (Taylor and Schwertmann 1974). 
It  is necessary to consider that not all Fe(I1) can be attributed to maghemite, 
as other sources (such as chlorite and vermiculite) may contribute to the total 
Fe(I1) content. Since the proportion of Fe(I1) in other horizons was similar to 
this and maghemite was not present, the proportion of Fe(I1) in maghemite must 
be lower. This, together with the fact that the 2 strongest XRD peaks (2.52 
and 2.95 A, Fig. 2) were slightly lower and broader than that of magnetite and 
that the colour of Soil I was reddish brown, indicates that maghemite rather 
than magnetite was present. 
Maghemite in the clay fraction was concentrated in the surface ( A l l  and A12 
horizons) of Soil I, as has been described in various soils (Schwertmann and Taylor 
1989). The decreasing maghemite content appears to be related to  the increase 
in hematite and decrease in goethite to the AB horizon. The distribution of 
lepidocrocite is similar throughout the profile, the content being low in relation 
to the other iron oxides present. 
In Soil 11, goethite decreased from the surface to the middle of the profile and 
then increased to the bottom. The distribution of hematite was the opposite to 
goethite. Lepidocrocite was not detected. 
0 200 LOO 600 800 1C 
Temperature ( O C  ) 
Fig. 3. Thermal gravimetric analysis of 
clay fraction of (a)  horizon A l l  of Soil I, 
( b )  horizon B of Soil I, and (c) horizon 
BC2 of Soil 11. 
Thermal gravimetric and differential thermal analyses (TG and DTA) of the 
A l l  and B horizons of Soil I and the BC2 horizons of Soil I1 are shown in Figs 3 
and 4, respectively. The DTA patterns of the clay fractions for the A l l  and 
B horizons of Soil I (Fig. 4a and b) show several thermal effects between 100" 
and 500°C corresponding to  different iron oxides present, as shown by X-ray 
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diffraction (see below). The DTA pattern of horizon BC2 of soil I1 (Fig. 4c) shows 
effects a t  600°, 875", and 900°C that may be attributed to chlorite, vermiculite, 
and talc (Mackenzie 1970). 
Temperature ( " C )  
Fig. 4. Differential thermal analysis 
of clay fraction of (a)  horizon A l l  of 
Soil I, ( b )  horizon B of Soil I, and (c) 
horizon BC2 of Soil 11. 
The iron minerals are the main components of these soils. An estimate of 
the proportion of iron oxides that these soils contain can be calculated from the 
percentage Fe203 and from chemical analysis and the TGA weight loss between 
150" and 500°C (this weight loss mainly corresponds to the iron oxides present 
in the samples). In Soil I the Fe oxide content ranged from 53 to 68% and in Soil 
I1 from approximately 30 to 35%. To estimate the iron mineral content of the 
clay fraction of these soils more accurately it is necessary to take into account 
the total chemical analysis of Fe released from octahedral positions within silicate 
minerals and thus make the appropriate correction. This can be obtained, at 
least partially, from the difference between the UV-activated oxalic-oxalate Fe 
and the dithionite-citrate-bicarbonate Fe. 
It  is known that the level of aluminium substitution in goethite can provide 
an indication of the conditions under which goethite formed (Fitzpatrick and 
Schwertmann 1982). However, soils containing goethite often include substantial 
amounts of other components such as hematite or kaolinite, whose X-ray reflections 
may overlap the diagnostic 111, 130, and 110 goethite reflections (Fabris et al.  
1985). Aluminium substitutions in goethite (mole % A1) for the samples studied 
in this paper are shown in Table 5. Soils I and I1 show a decrease in aluminium 
substitution down the profile, changing from 17.4 to 7.5% and 16.0 to 6.1% 
for Soils I and 11, respectively. These changes in aluminium substitution need to 
be considered in the genesis of the different iron oxides. 
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In these soils there is a high proportion of goethite accompanied by hematite 
a t  the bottom of the profiles. The goethite of these horizons may have originated 
directly from the bedrock, or as a secondary product of hematite weathering. The 
pH and physical-chemistry properties were very similar in all of these horizons, and 
organic compounds that are closely connected to the mechanism of transformation 
of hematite to goethite were not present (Schwertmann 1971). According to the 
data, goethite in these horizons appears to have originated directly from the 
bedrock. Hematite was formed by the dehydration of the original goethite. 
The origin of part of the goethite at  the top of these soils is different to goethite 
of the deeper horizons. The percentage of goethite increased in the A l l  and 
A1 horizons of Soils I and 11, respectively. In the A l l  and A1 horizons, organic 
compounds were present and the goethite was richer in aluminium (Table 5) than 
goethite towards the bottom of the profile. These organic compounds may have 
dissolved hematite by reducing and/or complexing the iron which was later oxidised 
and reprecipitated as newly formed goethite. This secondary goethite should be 
richer in aluminium (Fitzpatrick and Schwertmann 1982), as has been found. 
A notable feature is the presence of maghemite in the upper horizon of Soil I, 
where this iron oxide mineral was predominant. Its formation may be attributed 
to the direct dehydroxylation of lepidocrocite, to the dehydration of goethite in the 
presence of organic matter, or to the oxidation of magnetite. The transformation 
of other pedogenetic Fe oxides by heating between 300" and 400°C in the presence 
of organic matter has also been described (Schwertmann and Taylor 1989). In this 
soil, maghemite was not supplied by the parent rock or an external contributor. 
In this soil there is a high total iron concentration, a slow oxidation rate giving 
small amounts of Fe(III), in the originally predominantly Fe(I1) solution. Soil I 
also has a high temperature for some months of the year and a pH around 7, 
and organic compounds are present. These characteristics favour the formation 
of maghemite (Taylor and Schwertmann 1974). Where maghemite appears in this 
soil, hematite decreases (70 to 16%) and goethite increases. The formation of 
maghemite may then be related to the weathering of hematite that may produce 
goethite, and maghemite could then be formed by dehydration. The possibility 
of hematite-ferrihydrite-maghemite transformation is not ruled out, but the 
characterisation of ferrihydrite in a mixture of iron oxides, as in these soils, is 
complicated. Charcoal has been detected in the zone when samples were taken; 
therefore, burning could be considered as a possible factor of maghemite formation. 
It has been shown that iron minerals are the main components of the clay 
fraction of these soils, especially Soil I; however, other non-iron minerals are 
present in these soils, which are difficult to characterise due to the presence of 
Fe oxides. 
The non-iron minerals of the clay fraction have been characterised by X-ray 
diffraction patterns (Fig. 5) in the samples after extraction with oxalic-oxalate 
activated by ultraviolet radiation. 
The presence of talc in the clay fraction in Soil I was indicated by the 9.33 A 
(001) X-ray diffraction peak that persisted after heating at  550°C. A diffraction 
peak appeared at  about 14 A, and did not swell with glycerol or other organic 
compounds and persisted after heating at 550°C; this was attributed to chlorite. 
The presence of illite was indicated by the 9.98 A reflection. A diffraction peak 
appeared in samples from horizons A l l  and A12 at 7.14 A that partially swelled 
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to  11 el8 A, after treatment with DMSO, confirming the presence of kaolinite. 
In these horizons the 14 A diffraction line partially collapsed to 10 A in the 
Mg2+-saturated samples after heating a t  550°C and in the K+-saturated samples 
after heating at 300°C, indicating the presence of vermiculite (Fig. 5). Minor 
quantities of quartz were detected in the XRD patterns by diffraction peaks a t  
4.24 and 3.34 A. A semiquantitative estimate of the clay mineral composition of 
Soil I is shown in Table 6. Chlorite is the predominant mineral a t  the bottom 
of the profile. The proportion of chlorite and talc decreased up the profile, with 
only small amounts of talc present a t  the surface. Kaolinite and vermiculite were 
only present in the 2 upper horizons. The percentage of illite increased in the 
middle of the profile due to  the fact that chlorite and talc are weathered. The 
presence of vermiculite and kaolin and the reduced quantities of chlorite and talc 
in the 2 upper horizons are related to increased weathering at the soil surface. 
Fig. 5. X-ray diffraction diagrams of the clay fraction of horizon 
A12 from Soil I: ( a )  oriented aggregate (A.O.); ( b )  A.O.+glycerol; 
( c )  A.O,+dimethylsulfoxide; (d) A.O. heated at  550°C. 
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Table 6. Mineralogicai composition of phyllosilicates from the clay fractions (%) 
The percentage of each mineral has been calculated considering the total clay minerals as 
100%. Values have been rounded to 0 and 5 
Horizon Talc Chlorite Kaolinite Vermiculite Illite 
Profile I 
A l l  <5 10 15 25 45 
A12 < 5 10 10 15 60 
AB 10 15 - - 75 
Bt 20 30 - - 50 
B 20 55 - - 25 
Profile II 
A 1 45 35 - 20 - 
Bt 40 35 - 25 - 
BC1 45 35 - 20 - 
BC2 40 40 - 20 - 
The parent material of Soil I consists of metamorphosed dolomite with chlorite 
and talc. Mica is present in low proportion (Fig. 6). A possible source of total 
Fe-(oxide) of this soil may have originated during the metamorphic alteration of 
dolomite to produce talc/chlorite. 
Fig. 6. X-ray powder diffraction pattern of the parent material of Soil I. D, dolomite; 
Ch, chlorite; T ,  talc; M, mica. 
The mineralogical composition of the clay fraction from different horizons of Soil 
I1 (after removal of iron components) was very similar (Table 6). Powder X-ray 
diffraction patterns of these samples show the presence of chlorite (14.2, 7.10, 
4.74, 2.74 A) and talc (9.34, 4.56, 3.12, 2.59 A). XRD patterns of randomly 
orientated samples saturated with K+ after heating at  100' and 300°C and a 
Mg2+ sample heated at  550°C showed that the 14 A diffraction line decreased 
and the 10 A reflection position increased indicating the presence of vermiculite. 
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Talc and chlorite were detected in all soil fractions. Their proportions were very 
similar throughout the profile with talc concentrated in the silt fraction (Fig. 7). 
The parent material of Soil I1 was composed of dolomite or dolomite with 
talc and chlorite formed in metamorphic environments. This process may be 
responsible for the high Fe-(oxide) content. 
F 
Fig. 7. X-ray powder diffraction 
pattern of horizon BC2 of Soil 11: 
(a)  clay fraction; ( b )  silt fraction. 
T, talc; Ch, chlorite. 
The presence of pyrophyllite in this soil is not possible due to the constitution 
of the parent material and the pedogenetic processes. The method proposed 
by PBrez-Rodriguez et al. (1990) to isolate pyrophyllite from soils showed that 
pyrophyllite was not present. The XRD peaks of the samples from Soils I and 
I1 correspond to those of talc and not those of minnesotaite. In Soil I, talc 
was present in the sample after extraction of iron with oxalic-oxalate solution 
activated with ultraviolet radiation. This extraction removed practically all of 
the iron present. This also confirms the presence of talc and the absence of 
minnesotaite. The infrared spectra of Soil I1 show absorption bands at  3679, 
1045, 1018, 668, and 466 cm-l, which persist after heating the sample at 550°C, 
attributed to talc. 
Soil I shows indications of prolonged weathering such as depletion of primary 
minerals and bases, and a low pH and CEC (Table 2). The talc is inherited 
from the parent material. The proportion of talc in the different horizons of this 
soil is low. The maximum percentage in the non-iron minerals was 20%. This is 
only about 5% of the total minerals present in the clay fraction. The scarcity 
of talc in this soil was attributed to its instability under a leaching environment 
(Reiche 1943). I t  is possible that talc persists in this soil due to coatings of 
Fe-oxides that protect the talc crystallites from the soil solution, as reported by 
Harris et  al. (1984). The SEM study of samples of this soil shows small particles 
containing Si and Mg (Fig. 8a) ,  and others containing Si and A1 (Fig. 8 b ) .  There 
was always a high proportion of iron oxides covering the particles, as shown in 
Fig. 9. The proportion of talc together with chlorite decreases from the bottom 
to the top of the profile, the proportion of talc being very low in horizons A l l  
and A12. In these 2 horizons the illite is weathered and other minerals such 
as vermiculite and kaolinite appear. These results are in agreement with the 
increase of weathering from the bottom to the top of the profile. 
Energy (keV) 
Fig. 8. Chemical analysis by X-ray energy dispersive 
(a)  and ( b )  particles <10 pm from Soil I, and 
(c) particles from Soil 11. 
In Soil I1 the clay fraction and especially the silt fraction consisted of talc and 
chlorite with their proportion very similar throughout the profile. The talc is 
inherited from the parent material and was a very abundant mineral, especially 
in the silt fraction. The SEM study of samples of this soil shows bigger particles 
than in Soil I (Fig. lo), containing Si and Mg (Fig. 8c). Iron was also present, 
but generally appeared as isolated particles and not as closely united as in Soil I. 
The weathering of Soil I1 has been less intense than of Soil I, which shows 
a homogeneous mineralogical composition throughout the profile and, thus, less 
mineral alteration. In Soil I the talc is a residual mineral that persists after 
intense pedogenetic processes, while in Soil I1 the particles of talc have the same 
characteristics throughout the profile and do not show differential alteration from 
the bottom to the top. 
Talc in soils with high iron content 
Fig. 9. Scanning electron micrograph of particles <10 pm from Soil I. 
Fig. 10. Scanning electron micrograph of particles <10 pm from Soil 11. 
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Conclusions 
The presence of talc is a notable feature of these soils. In Soil I the proportion of 
this mineral decreased up the profile with small amounts at the surface. Chlorite 
is the predominant mineral at the botton of the profile. Kaolinite and vermiculite 
are present only in the 2 upper horizons. The percentage of illite increased in the 
middle of the profile due to  the fact that chlorite and talc are weathered. The 
presence of vermiculite and kaolinite and the reduced quantities of chlorite and talc 
in the 2 upper horizons were related to the increased weathering at the soil surface. 
Soil I1 consisted mainly of talc and chlorite, with vermiculite in low proportion. 
The distribution of these minerals was very similar throughout the profile. 
In Soil I, talc persists after intense pedogenetic processes, probably due to 
coatings of iron oxides that protect talc crystallites from the soil solution. In Soil 
I1 the development has been less intense than in Soil I and talc has practically 
not been transformed. 
Another notable feature of these soils was the presence of extremely high 
values of iron oxides as goethite, hematite, lepidocrocite, and maghemite. In both 
soils the distribution of goethite was opposite to that of hematite, indicating a 
relationship between the 2 minerals. In Soil I1 the most abundant iron oxide 
throughout the profile was goethite. In both soils, goethite originated directly 
from the parent material and hematite from the dehydration of goethite. At the 
top of the profiles, part of the goethite was newly formed by the dissolution 
of other iron components. The formation of maghemite was attributed to the 
transformation of other iron oxides present. 
Both profiles show a decrease in aluminium substitution in goethite down the 
profile, changing from 17.4 to 7.5% and 16 to 6% for Soils I and 11, respectively, 
showing higher pedogenetic activity at the top than a t  the bottom of the profiles. 
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